showed that 60% of OC s may be attributed to betel quid chewing, which has a close association with oral mucosal fibrosis, oral leukoplakia, and oral erythema. Therefore, in Southeast Asian areas, OC is highly prevalent due to the ancient custom of chewing quid. [8] According to data from the National Central Cancer Registry of China, in 2009, [9] OC and throat cancer had a crude incidence of 3.28/100,000, with 4.15/100,000 for males and 2.39/100,000 for females, showing an increasing trend. [10] In Taiwan, China, the incidence of OC was approximately 27.4/100,000.
[11] OC involves not only varying factors and stages but also aberrant expression of many genes in cancer development. By activating oncogenes or suppressing the function of tumor suppressor genes, predisposing factors, including physics, chemistry and microorganisms, disturb oncogene regulation, and cause functional mutations, showing uncontrolled cell proliferation and abnormal apoptosis. [12] Our research purpose was to provide more evidence for the clinical study of OC. In terms of the relationship between betel quid chewing and OC, a series of studies on basic medicine, clinical care, and epidemiology have been conducted worldwide with numerous papers published. However, no researcher has used a bibliometric approach to summarize these papers and assess the distribution of different countries/regions, institutions and researchers, as well as research areas, hotspots, frontiers in particular areas and trends. Hence, according to publications on the relationship between betel quid chewing and OC from the Science Citation Index (SCI) and the Social SCI (SSCI) of the Web of Science Core Collection (WoSCC), two types of bibliometric visualization software, Thomson Data Analyzer (TDA) and VOSviewer, were used to detect and analyze pertinent research hotspots, frontiers, and trends.
Methods

Data
Publications on the relationship between betel quid chewing and OC were gathered from the SCI and the SSCI of the WoSCC of Thomson Scientific on October 25, 2017. A total of 788 pertinent articles were available with duplicates excluded from the study.
Search strategy
The following search terms were used: (TS = ["oral cancer" OR "oral Carcinoma" OR "Mouth Neoplasm" OR "Neoplasm, Mouth" OR "Neoplasms, oral" OR "Neoplasm, oral" OR "oral Neoplasm" OR "oral Neoplasms" OR "Neoplasms, Mouth" OR "Cancer of Mouth" OR "Mouth Cancers" OR "Mouth Cancer" OR "Cancer, Mouth" OR "Cancers, Mouth" OR "oral Cancer" OR "oral carcinoma" OR "Cancer, oral" OR "Cancers, oral" OR "oral Cancers" OR "Cancer of the Mouth" OR "Mucosa, Mouth" OR "oral Mucosa " OR "Mucosa, oral" OR "Buccal Mucosa" OR "Buccal cancer" OR "Buccal carcinoma" OR "Neoplasm, Tongue" OR "Tongue Neoplasm" OR "Neoplasms, Tongue" OR "Cancer of Tongue" OR "Tongue Cancers" OR "Lingual cancer" OR "Lingual carcinoma" OR "Tongue carcinoma" OR "Tongue Cancer" OR "Cancer, Tongue" OR "Cancers, Tongue" OR "Cancer of the Tongue" OR "Neoplasms, Gingival" OR "Gingival Neoplasm" OR "Neoplasm, Gingival" OR "Carcinomas, Squamous Cell" OR "Squamous Cell Carcinomas" OR "Squamous Cell Carcinoma" OR "Carcinoma, Squamous" OR "Carcinomas, Squamous" OR "Squamous Carcinoma" OR "Squamous Carcinomas"] OR TI = ["oral cancer" OR "oral Carcinoma" OR "Mouth Neoplasm" OR "Neoplasm, Mouth" OR "Neoplasms, oral" OR "Neoplasm, oral" OR "oral Neoplasm" OR "oral Neoplasms" OR "Neoplasms, Mouth" OR "Cancer of Mouth" OR "Mouth Cancers" OR "Mouth Cancer" OR "Cancer, Mouth" OR "Cancers, Mouth" OR "oral Cancer" OR "oral carcinoma" OR "Cancer, oral" OR "Cancers, oral" OR "oral Cancers" OR "Cancer of the Mouth" OR "Mucosa, Mouth" OR "oral Mucosa " OR "Mucosa, oral" OR "Buccal Mucosa" OR "Buccal cancer" OR "Buccal carcinoma" OR "Neoplasm, Tongue" OR "Tongue Neoplasm" OR "Neoplasms, Tongue" OR "Cancer of Tongue" OR "Tongue Cancers" OR "Lingual cancer" OR "Lingual carcinoma" OR "Tongue carcinoma" OR "Tongue Cancer" OR "Cancer, Tongue" OR "Cancers, Tongue" OR "Cancer of the Tongue" OR "Neoplasms, Gingival" OR "Gingival Neoplasm" OR "Neoplasm, Gingival" OR "Carcinomas, Squamous Cell" OR "Squamous Cell Carcinomas" OR "Squamous Cell Carcinoma" OR "Carcinoma, Squamous" OR "Carcinomas, Squamous" OR "Squamous Carcinoma" OR "Squamous 
Analysis methods
We reviewed the characteristics of the related publications, including the distribution of countries/regions, institutions, journals, authors, and research areas, based on the WOSCC database. In addition to the TDA, VOSviewer (Van Eck & Waltman, Leiden University, The Netherlands), and CiteSpace software (Chaomei Chen, Drexel Univerisity, USA), three types of bibliometric visualization software, Microsoft Excel, and Pathfinder [13] were used for data mining and bibliometric analysis of the retrieved articles to generate and analyze knowledge maps. Moreover, we sought to identify research frontiers and trends by analyzing significant publications, representative institutions, authors, and research hotspots as well as by recognizing burst keywords over time to systematically explore the knowledge structure and trends of the pertinent papers from 1998 to 2017.
In light of the TDA 6.0 User's Guide from Thomson Scientific (http://thomson-data-analyzer.software.informer.com/), TDA was used for data preprocessing, such as duplicate removal and word segmentation to form analysis matrices, including the co-occurrence matrix and factor matrix; then, several calculation methods, such as Pearson and cosine, were used for data standardization, and knowledge maps were formed by means of visualization technology. [14, 15] In addition, VOSviewer, a literature visualization analysis software program developed by the Netherlands Leiden University (http://www.vosviewer.com/), was applied to visualize knowledge units and generate four types of view maps, including tag view, density view, cluster view, and decentralized view. [16, 17] CiteSpace was used to perform a co-occurrence time view analysis of the keywords and generate co-citation maps of the items mentioned above. [18] results
Distribution by time
A total of 788 publications from 1998 to 2017 were retrieved, and the overall trend of publication decreased from 67 publications in 1998 to 18 publications in 2016 (publications in 2017 were excluded from the data sample because of database coverage and the update cycle; Figure 1 ).
Distribution by country/region
The top 10 countries/regions engaged in the related research included China, India, the United States, the United Kingdom, and Malaysia, among which China had the most papers, followed by India and the United States. According to the top 10 listed countries/regions, India, China, and Sri Lanka, where betel quid chewing is a widely practiced cultural habit, had a relatively high prevalence of oral cancer with more relevant research conducted. For the published articles, China collaborated closely with the United States, the United Kingdom, Canada, India, and Australia. Nevertheless, substantial research collaborations were observed between India and other countries, such as the United States, the United Kingdom, France, and Japan, which may be associated with the flow of researchers The journal "Asian Pacific Journal of Cancer Prevention" has been excluded from the SCI since 2015, so its impact factor and classification in 2014 were used here; no statistical analysis on journals' quartile in category was separately performed because of differences in the classification criteria of journals in various fields, where many disciplines, including cancer, oral cavity, and epidemics, are involved. SCI: Science Citation Index.
in OC-prone areas, countries and technological level [ Table 2 and Figure 2a] .
Distribution by institutions
The top 10 institutions engaged in relevant research included the following: National Taiwan University, National Yang-Ming University, Kaohsiung Medical University, Chung Shan Medical University, and National Taiwan University Hospital, fully reflecting the great concerns regarding the association between OC and betel quid chewing shown by institutions in Taiwan area and the prevalence of OC. Similarly, institutions in Malaysia also paid close attention to these issues with their research. However, apart from the cooperation among the top three Figure 2b ].
Distribution by author
The top 10 authors and their institutions responsible for the 788 articles were as follows: Chang, KW from the School of Dentistry, National Yang-Ming University ranked first, followed by Lee, CH from the Department of Public Health, Kaohsiung Medical University; Lin, SC from the School of Dentistry, National Yang-Ming University; and Wang, HM and Liao, CT from the Department of Otolaryngology-Head and Neck Surgery, Chang Gung Memorial Hospital. However, geographic variation in researchers and institutions was noted, with little cooperation observed between them [ Table 3 and Figure 2c ].
Distribution by discipline
Several disciplines, such as oncology (35.91%), oral surgery (33.50%), pathology (13.58), environmental and occupational health (6.22%), modern technology frontier (6.22%), and toxicology (5.71%), represented the vast majority of research areas covered by the 788 articles, which were mainly concentrated into three disciplines: oncology, oral surgery, and pathology (83%) [ Figure 2d ].
Distribution by keyword
The keywords (or subject terms) extracted from the 788 articles included the following: squamous cell carcinoma, OC, betel quid, areca nut, expression, tobacco, oral submucous fibrosis, cigarette smoking, arecoline, carcinogenesis, alcohol, India, p53, leukoplakia, lesions, epithelial cell, and esophageal cancer, which had significant correlations with emphasis on such vital keywords as squamous cell carcinoma, OC, betel quid, areca nut, and expression [ Figure 3 ]. According to changes in the annual number of publications, the period from 1998 to 2017 was divided into four stages of 5 years each, and the corresponding keywords varied across the different stages. During 1998-2002, major keywords included squamous cell carcinoma, OC, p53 and expression, and cooperative research was interpenetrative and integrative. During 2003-2007, studies were related to the association of betel quid and arecoline with squamous cell carcinoma, OC, p53 and expression, and more collaborations were observed, especially in Taiwan, China. Moreover, several studies from 2008 to 2012 concerning the relationship among squamous cell carcinoma, OC, betel quid, and arecoline were further highlighted, with collaborative research gradually expanding to the field of head and neck cancer [ Figure 4a -4d].
Analysis of burst terms
Identified as a prominent representative of the research frontier in the field of disciplinary knowledge, burst terms reflect the hotspots and frontiers in a specific field over time. The 15 burst terms with a value above 3.5, extracted from a sample of the literature, were analyzed with CiteSpaceII, which was available for word frequency analysis. Therefore, research frontiers and trends were explored based on the time distribution and changing trend in word frequency [ Figure 5 ]. According to time spans and frequency, the burst terms included p53, mutation, overexpression, tumor suppressor gene, submucous fibrosis, oral submucous fibrosis, cigarette smoking, in vitro, smoking, expression, betel quid, neck cancer, tobacco, and areca nut. The following burst terms covered a large time span: oral submucous fibrosis, p53, mutation, overexpression, tumor suppressor gene, and submucous fibrosis. Meanwhile, the beginning and frequency of these burst terms were studied with CiteSpaceII, which provided a visual description of temporal trends. Four clusters were formed as a result of time series analysis and cluster analysis of burst terms, including risk factors such as betel quid, oral submucous fibrosis, smoking, and mutation as well as biotechnologies such as hydroxychavicol and immunohistochemistry, and each cluster was displayed from left to right to illustrate changing trends [ Figure 6 ].
dIscussIon
In this study, TDA and VOSviewer were used to provide a bibliometric analysis of the relevant literature on betel quid chewing and OC, as well as a visual description of the research status and trends, which allowed for a systematic understanding of the past and future of research on the relationship between betel quid chewing and OC.
A total of 788 publications on betel quid chewing and OC were published from 1998 to 2017, and a downward trend was observed over time. The studies were mainly concentrated in three disciplines (83%): oncology, oral surgery, and pathology. They were contributed by the following journals: Journal of Oral Pathology Medicine, Oral Oncology, Plos One and International Journal of Cancer. These journals were chiefly classified as Q1 according to the IF, with the number of publications experiencing an annual decline; meanwhile, these studies were mostly from institutions and researchers from China, as well as from South Asian countries such as India, where high morbidity is commonly observed with the cultural practice of betel quid chewing, clearly representing local and regional characteristics. Particularly, in China, Taiwan area and Hunan Province, which have a high prevalence of OC, a large investment was made in pertinent research along with crucial contributions, which considerably exceeded those of any other country/region, enabling China to become a leading region in this field of study. Cooperating institutions were largely located in developed countries, such as the United States, the United Kingdom, Canada, Japan, Australia, and France, featuring apparent regionality and specific cooperation-based research strategies that were predominantly affected by the prevalence of OC, research conditions, technological capabilities, and flow trends in research.
Regarding the number and citation frequency of articles, Kuo-Wei Chang and Chia-Shu Lin from the School of Dentistry, National Yang-Ming University, were both in the top ranks, which made the counterpart of the School of Dentistry, National Yang-Ming University rank first among all institutions, acting as a leading institution. Regarding the keywords or subject terms present in published articles, the burst terms remarkably shifted, with China and India as the leading countries/regions, emphasizing such hotspots as squamous cell carcinoma, OC, oral submucosal fibrosis, betel quid, tobacco, alcohol, carcinogenesis, expression, p53, leukoplakia, and epithelial cell. Particularly, a series of studies were actively performed on oral squamous cell carcinoma, betel quid chewing, and expression, showing highly significant correlation and concentration. In other words, independent studies on oral squamous cell carcinoma, p53 and expression transitioned to research on the pathogenic roles of betel quid chewing and subsequently expanded to the field of head and neck cancer. However, no obvious changes in research hotspots were shown. According to the four clusters of burst terms formed, smoking, in vitro, betel quid, neck cancer, and tobacco covered a small time span, mainly involving oral submucous fibrosis, p53, mutation, overexpression, and tumor suppressor gene. As shown in Figure 4 , cluster #3 (labeled immunohistochemistry) included p53, mutation, overexpression, and tumor suppressor gene; cluster #2 included risk factors such as alcohol, smoking, and oral submucous fibrosis coupled with biotechnologies such as hydroxychavicol. More burst terms were observed with progressively active research, notwithstanding the short duration. Then, an expanded study was carried out on related risk factors, including betel quid, mutation, and oral submucous fibrosis, which conferred increased activity to burst terms for approximately 10 years. In addition, further studies shed light on risk factors such as betel quid chewing, tobacco, and oral submucous fibrosis, lasting for nearly 20 years, which nevertheless maintained a descending trend with increasingly fewer burst terms, indicating that there were no breakthrough outcomes in research methods and technologies that still warranted accelerated development and innovation.
Overall, a decline in the number of articles may be attributed to modest changes in research hotspots, the lack of a systematic study from interdisciplinary perspectives, inadequate pertinent journals, a limited region with a practice of betel quid chewing, and the insufficient participation of researchers, which indicates that as the prevalence of OC increases, particularly in China, research in this area should be expanded, particularly adequate investment, personnel construction, and extensive interventions such as health education and the prevention of betel quid chewing.
The bibliometric analysis in this study was an exploratory attempt to provide a systematic analysis of the basic characteristics of the literature related to betel quid chewing and OC through visualization. The data analysis was relatively objective and comprehensive and systematically provided basic information on the association between betel quid chewing and OC over the past two decades, offering researchers easier access to the current scenario and trends of pertinent research at a macro level, as well as appropriate institutions and researchers for cooperation. Using such a macroscopic and qualitative method, we briefly described the current hotspots and underlying trends of a broad array of studies. However, because most articles in the WoSCC database were written in English, few non-English articles were included, resulting in incomplete literature research to some extent. Similarly, an analysis performed using a wealth of articles from the China CNKI database is still considered incomplete. Moreover, as there were substantial differences between the results of the bibliometric analysis and actual conditions of the research, some published high-quality articles may be undervalued due to the low citation frequency; furthermore, some articles published long ago may affect the analysis outcomes, particularly publications updated regularly in view of open data.
